A. Derivation of Eigenvalues with Hermite Integrals
We consider the perturbed firing rates, R A +δR A , where R A is the steady state solution. Linearizing the rate dynamics in δR A we obtain for the dynamics of the perturbations
Since this is a linear set of equations, perturbations can be decomposed into eigen-modes δR (n)
A (θ), with eigenvalues λ n , in the following way
where C n are some constants. Finding an analytical expression for the eigen-modes and eigenvalues for this system appears to be impossible. But if σ A ≪ π we can approximate the periodic Gaussians by normal Gaussians and take the integral from −∞ to ∞ in stead of from −π/2 to +π/2. If we make this approximation δR
Because the right hand side of this equation involves the convolution of δR
and a Gaussian it is useful to write the eigen modes in terms of Hermite functions. We thus write the eigen-modes as
where ǫ A is a scaling factor which we will choose later so as to make the expansion in Hermite functions as simple as possible.
Inserting Eqn 4 into 3 we obtain
We multiply both sides by H p ( √ ǫ E θ) and integrate over θ. Using the orthogonality of the Hermite polynomials,
where
where f = (
), g = (1 + 2ǫ B σ 2 AB ) and, Σ = 2σ
This integral is simple to solve if ǫ A = 1/2σ 2 A . In this case f = 1/2σ 2 A , so that we can use the result for Hermite polynomials
for m = 0, 1, 2, . . .. This leads to the upper-triangle structure of the eigenvalues matrix
where M pk and D(λ) are the 2 × 2 matrices
, and
respectively. The eigenvalues are given by the values of λ for which det(M kk − D(λ)) = 0. From this we see that the eigen-function for the nth mode has the form
Thus, the first two modes involves only H 0 (x) = 1, meaning that the perturbation of this mode is proportional to the steady state distribution. These modes reflect changes in amplitude of the rate profile. The next two modes involves only H 1 (x) = 2x, thus these mode can be interpreted as a tendency to shift the peak of the Gaussian steady-state solution. Modes five and six contain a linear combination of H 0 (x) and H 2 (x) = 4x 2 − 2 so these modes tends to change both the amplitude and the width of the Gaussian solution. Higher modes are more complicated.
To determine the eigenvalues we use that M nn AB are given by
So that the eigenvalues fr the modes 2n and 2n + 1 are given by
, where:
The conditions for which Re(λ n ) < 0 ∀ n are illustrated in Figure 1 . 
